SUMMARY: Fish sampling is a critical aspect of acoustic surveys, because it is directly related to the "transformation" of echo into species biomass and subsequently affects the accuracy of acoustic estimates. In the present study, we investigated the differences between day and night sampling in a) the catch composition through certain diversity indices and b) the length frequency distribution of anchovy and sardine using catch data of pelagic hauls collected from four different regions of the European Mediterranean waters. In addition, the possible bias in trawl efficiency due to sampling time and the possible error introduced in acoustic estimates were investigated. No statistically significant differences were found between day and night in any of the parameters examined. The results showed that a more flexible strategy can be adopted to reduce the duration and the cost of acoustic sampling for small pelagic species. The advantages and disadvantages of the two sampling strategies are discussed.
INTRODUCTION
Hydroacoustic surveys are widely used as a direct method for biomass estimation and stock assessment of small pelagic fish. Biomass estimates at age based on acoustics are used as a tuning index in several stock assessment models in the Mediterranean (SGMED 2009 (SGMED , 2010 as well as in the Atlantic (ICES 2009 ). In the Mediterranean, landings of the main small pelagic target species (i.e. anchovy and sardine) indicate that they rarely exceed three years of age (Basilone et al. 2004 , SGMED 2009 , 2010 . Experimental pelagic haul sampling is closely associated with acoustic surveys in order to obtain the length frequency distribution of the local fish populations, allocate recorded echoes to the catch composition and "transform" echo into biomass and number of individuals (Simmonds and MacLennan 2005) . Consequently, suitable fish sampling is critical, since it directly affects the accuracy of acoustic estimates of target species. It has to fulfil the need to obtain representative and unbiased length-frequency distribution of the target species population as well as to provide a representative and unbiased estimate of the species composition at sea, especially in the case of unknown species associations.
In addition, acoustic surveys are often carried out over extended areas in order to cover the main distribution of a stock, involving increased cost in terms of time at sea, which often exceeds 40 days. To overcome these difficulties, investigating and adapting flexible research strategies becomes essential. For example, working in both daytime and night-time can significantly reduce survey time in many cases.
The effect of the time of day on acoustic and biological data sampling is an issue that has raised several contradictions regarding the introduction of error in abundance estimates (Iglesias et al. 2003 , Zwolinski et al. 2007 . The latter largely depends on parameters related to species behaviour. Small pelagics are known to exhibit diel vertical migrations, form dense schools during daytime composed of individuals of the same swimming ability (i.e. the same size), and disperse forming loose aggregations during night-time (Woodhead 1966 , Azzali et al. 1985 , Massè 1996 , Freon and Misund 1999 Giannoulaki et al. 1999 , Szcucka 2000 , Zwolinski et al. 2007 , Tsagarakis et al. 2012 . This diurnal behaviour of fish schools makes fish either unavailable to the acoustic apparatus or difficult to distinguish acoustically from other scatterers, which could generate a degree of bias in the echo density used for abundance estimates (ICES 2005) . According to this behaviour, differences in trawl selectivity between day and night are likely to occur, raising the question of what is the most appropriate sampling time to obtain representative samples of fish populations at sea in terms of both species and length composition.
Within the framework of the present study, we investigated the differences in the catch composition between day and night using catch data from pelagic trawls collected during acoustic surveys from four different regions of the European Mediterranean waters: the Iberian coast, the western part of the Adriatic Sea, the Strait of Sicily and the Aegean Sea. Day-time and night-time pairs of pelagic hauls from historical acoustic surveys and from targeted acoustic surveys were selected according to a specific common protocol for all regions. Special concern was given to the hauls that were held in the same geographic position during day and night-time. Comparisons involved certain diversity indices and the length-frequency distribution of anchovy and sardine, the main small pelagic species in the Mediterranean Sea. Finally, the trawl efficiency during day and night and the possible bias in acoustic estimates was examined and the advantages and disadvantages of the two sampling strategies are discussed.
MATERIALS AND METHODS

Sampling description
In the framework of acoustic surveys, pelagic hauls are routinely used to collect representative fish samples of the insonified echoes. In the present work we used catch data from hauls carried out within acoustic surveys in the Aegean Sea, the western part of the Adriatic Sea, the Strait of Sicily, and Spanish Mediterranean waters (Fig. 1) . A description of the hauls used from each area is presented in Table 1 . Tow speeds averaged 3.5 knots (range 2.5-4.5 knots) and tow length was approximately 2 nautical miles (nm). All items in the catch were sorted to species level. Length measurements were made to 0.5 cm accuracy. In order to study the differences between day and night sampling, we used samples from targeted experimental hauls and hauls from historical surveys in the study areas based on a common protocol. The groups of hauls contained replicate hauls at the same site during day and night. Comparisons between day and night were done regarding species composition and length frequency.
Specifically, day-night haul group selection was based on:
-hauls that were held at the same site, within the range of maximum 3 nm distance -hauls that were carried out at the same site within a maximum period of 32 h replicate availability in both daytime and night-time hauls -hauls that collected all replicates using the same gear, i.e. pelagic trawl with the same technical characteristics.
Comparisons were made by area between daytime and night-time haul groups. In addition, in cases in which more than one group of day-night hauls occurred within the same survey, an additional comparison was made between daytime and night-time hauls on a survey basis. These results are presented separately. The analysis scheme is summarized in Figure 2 .
Specifically, -North Aegean Sea: 22 groups of day-night pairs derived from 11 surveys were used for the species composition comparison. The surveys were conducted in the northern Aegean Sea on board the R/V Philia. Two surveys took place in winter (December, February) and nine in summer (June, July). Sixteen groups of day-night pairs derived from 10 surveys were used for the length-frequency distribution of anchovy and 14 groups distributed in 10 surveys were used for that of sardine. Four groups of hauls derived from targeted surveys and the others were selected from historical surveys according to the common protocol. In all cases fish sampling was conducted by means of a pelagic trawl with a codend of 16 mm mesh size.
-Adriatic Sea: Eight groups of day-night pairs were used for species composition and length frequency comparison. The data were collected within four targeted surveys (three in 2009 and one in 2010). Within each survey, two hauls were repeated three times, initially during daytime, once during the night and a third time during the day after. The surveys took place from July to October in Manfredonia Gulf, Barletta (southern Adriatic Sea), Vasto and San Benedetto (middle Adriatic Sea). All surveys were conducted on board the R/V G. Dallaporta using a pelagic trawl with codend of 18 mm mesh size.
-Strait of Sicily: Two groups of day-night pairs were used for species composition and length frequency comparison. Data were collected within one targeted survey carried out in August 2010. The survey was conducted in the Gulf of Gela on board the R/V Maria Grazia. A pelagic trawl with a codend of 18 mm mesh size was used for fish sampling. The area was selected because of the local occurrence of high fish density. Similarly to the targeted surveys in the Adriatic Sea within the survey, two hauls were repeated three times, initially during daytime, once during the following night and a third time during the following day.
-Iberian coast: One group of day-night pairs was used for species composition and length frequency comparison on the Iberian continental shelf. Data were collected during the 2009 acoustic survey in the area of Cape La Nao in June 2009 within targeted hauls. The survey was conducted on board the R/V Cornide de Saavedra. A pelagic trawl with a codend of 20 mm mesh size was used for fish sampling. Within the survey three hauls were repeated during daytime and night-time.
Comparison of species composition between day and night
The species caught in each area are presented in Table 2 . In order to examine any possible differences in the catch between day and night, we compared the following diversity indices from the paired groups of hauls: number of species (S); species richness (Margalef) d=(S-1)/log(N) (N, number of individuals); Shannon-Wiener diversity In the case of the J index, the sample size is standardized in respect to abundance and species number, while the Simpson index (i.e. dominance), is known to be one of the indices least affected by sample size (Karakassis et al. 1996) .
The comparison of the estimated diversity indices between day and night samples was made using the analysis of variance (ANOVA) after checking for the homogeneity of variance (Zar 1984) . The diversity indices were estimated using the PRIMER-5 software (Clarke and Warwick 1994) .
Comparison of length frequencies between day and night
We investigated the possible differences in the length frequency distribution of the specimens caught in daytime and night-time samples. Comparisons refer to the length frequency distribution of anchovy and sardine, the two main small pelagic species that are the targets of the MEDIAS (MEDIterranean Acoustic Survey) acoustic surveys in the Mediterranean Sea. A Kruskal-Wallis test was used for this purpose. The geometric mean was selected to calculate the mean fish size of each sample, instead of the arithmetic mean which is susceptible to the influence of a few large specimens and does not accurately represent the mode in fish size at a given station (Stefanescu et al. 1992) .
In addition, a paired-sample comparison analysis was applied to the mean, min, max, range, skewness and kurtosis of the total length (TL) distribution of the specimens caught during daytime and night-time in order to investigate the randomness or the possible bias in the abovementioned results.
Comparison of trawl efficiency during daytime and night-time
In order to obtain an indication regarding the possible bias of fishing during daytime and night-time, the trawl efficiency was estimated according to the approach described by Doray et al. (2010) . For this purpose we used the available trawl data from monospecific hauls (i.e. one species contributed over 95% to the total catch) that were simultaneously insonified. Thus, we used 13 daytime hauls and 23 night-time hauls. In 25 cases (9 daytime and 16 night-time) anchovy contributed over 95% to the total catch, while in the rest of the hauls sardine dominated the catch in the same proportion.
Volume backscattering coefficients (MacLennan et al. 2002) greater than -60 dB obtained with a 38-kHz split beam echosounder were allocated to fish and integrated with Myriax Echoview software to estimate nautical area scattering coefficients (NASCs). Specifically during both day and night, backscattering echo was integrated using an elementary sampling unit (ESU) of 500 m (or 0.25 nm) length at a mean speed of 3.5 knots. The values of fish backscattering echo were then summed over each ESU at the depth range sampled by the pelagic trawl plus 5 m above and below this depth. This was done considering that the effective fishing height of the trawl is expected to be wider than the actual trawl opening (Doray et al. 2010) . Total NASC values (NASC t ) recorded at trawl station t were calculated as the total NASC values of the ESUs along the haul tracks.
To transform catch data to equivalent acoustic data, equivalent NASC (Simmonds and MacLennan 2005) , ENASCs(t), were computed for each of the main species (s) caught at station t (Doray et al. 2010) by
where A is the area swept during a haul (in square nautical miles), N s is the (estimated) catch in numbers of individuals of species s at station t and σ bs is the theoretical backscattering cross section (MacLennan et al. 2002) of species s. Values of σ bs were computed from σ bs =10 TS/10 , where target strength (TS) is the theoretical (literature) value of target strength by species. The b 20 used were -71.2 dB for anchovy and -72.6 dB for sardine (Anonymous 2012).
The approach followed estimates trawl efficiency independently of the fish availability at sea. We assumed the value of NASC(t) recorded on board during station t to be a reasonable estimate of the true density of fish encountered along the trawl track
where Q is the trawl efficiency, defined as the proportion of animals within the swept volume captured by the trawl of vessel and b is a parameter. Q and b were estimated by log transformation of the equation. If b is 1, the relationship between catch and density is linear; for b<1 it is non-linear. Hauls by day and night were analysed separately, as were the monospecific hauls of anchovy, while hauls of sardine are not presented here because they were very few in number.
Sensitivity analysis
We examined the possible error that could be introduced into the biomass estimations by acoustics because of inappropriate time of sampling and the subsequent error in the estimation of the mean length. For this purpose we assessed the subsequent changes in biomass estimations taking into account an increase/decrease in the mean length by 1 and 2 cm, based on the estimated maximum difference of mean TL between day and night. Similarly, a sensitivity analysis was applied concerning another big source of error in acoustic estimates: the effect of b 20 in the TS equation (Simmonds and MacLennan 2005) and the subsequent biomass estimates. The relationship between TS and TL, TS=a log(TL)+b, is fundamental in fisheries acoustics. b 20 is the value of constant b when the slope a is forced to equal 20. The latter is a common practice because a) the estimated values of the constant a are not significantly different from 20, as backscattering energy is expected to be proportional to the horizontal cross section area of fish organs (mainly swimbladder) that contribute to echo and b) it allows comparisons between several TS estimations (Simmonds and MacLennan 2005) . As TS is a stochastic variable, the range of b 20 used for anchovy and sardine in the different areas is quite wide i.e. for sardine ranges from -70.51 to 72.6 dB and for anchovy from -71.2 to 75.3 dB (Anonymous 2012). Here within the terms of sensitivity analysis we applied ±0.5 dB and ±1 dB differences in the currently applied TS values and compared estimates with the trawl efficiency respective results.
RESULTS
Species composition
Comparisons concerning the diversity indices between the pairs of hauls are presented in Table 3 , while the comparisons per survey (i.e. all haul groups of each survey are merged) are presented in Table 4 . In general no differences were found for the diversity indices, with only one exception in which more species were caught at night in small numbers of individuals.
Length frequency comparisons
In the Aegean Sea, the comparisons of the anchovy length frequency distribution between day and night, estimated per haul group, revealed that in 5 out of 16 cases bigger individuals were caught at night than during the day, in 7 out of 16 cases bigger individuals were caught during the day than at night and in 4 cases no difference was found. In the western Adriatic Sea in 2 out of 8 cases bigger individuals were caught at night than during the day; in 5 out of 8 cases bigger individuals were caught during the day than at night and in 1 case no difference was estimated. In the Strait of Sicily in 1 out of the 2 cases bigger individuals were caught during the day, while the other case indicated no difference between daytime and night-time. Overall, in 13 cases bigger individuals were caught during day, in 7 cases bigger individuals were caught at night, and in 6 cases no difference was found (Table 5) . 
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Results of the length frequency comparisons per survey were quite similar. Anchovy comparisons in the Aegean Sea revealed that in 2 out of 10 cases bigger individuals were caught at night than during the day, in 4 out of 10 cases bigger individuals were caught during the day than at night and in 4 cases no difference was found. In the western Adriatic Sea in 1 out of 4 cases bigger individuals were caught at night than during the day, whereas in 3 out of 4 cases bigger individuals were caught during the day than at night. In the Strait of Sicily results indicated that bigger individuals were caught during the day than at night. Overall, in 3 surveys bigger individuals were caught at night, in 8 surveys bigger individuals were caught during the day, and in 4 surveys no difference was found (Table 6 ).
The case of sardine presented quite similar results. In the Aegean Sea the comparisons of length frequency distribution per haul group revealed that in 2 out of 14 cases bigger individuals were caught at night than during the day; in 6 out of 14 cases bigger individuals were caught during the day than at night; and in 6 cases no difference was estimated. In the western Adriatic Sea, in 1 out of 6 cases bigger individuals were caught at night than during the day; in 2 out of 6 cases bigger individuals were caught during the day than at night, while in 3 cases no difference was found. In the Strait of Sicily, no difference was found between day and night. Overall, in 3 cases bigger individuals were caught at night, in 10 cases bigger individuals caught during the day, while in 10 cases no difference was found (Table 7) .
The results per survey were quite similar. In the Aegean Sea, the comparisons of the length frequency distribution concerning sardine revealed that in 5 out of 10 cases bigger individuals were caught during the day than at night; and in five cases no difference was found. In the western Adriatic Sea, in 1 case bigger individuals were caught at night, in 1 case bigger individuals were caught during the day and in the third case no difference was found. In the Strait of Sicily, the overall comparison indicated that bigger individuals were caught during the day than at night. Overall, in 1 survey bigger individuals were caught at night, in 7 surveys bigger individuals were caught during the day, and in 7 surveys no difference was found (Table 8) .
The results of paired-sample comparison analysis showed no differences between day and night in the examined parameters of the length frequency distribution for the pooled groups (Table 9 ) or in the sampling area (not presented here). Thus, the analysis revealed that the differences indicated by the ANOVA approach were random and non-systematic.
Trawl efficiency during daytime and night-time
The trawl efficiency estimates were based on the relationship log(ENASC)=log(Q)+b [NASC] . The average trawl efficiency coefficient at night was 0.28 for the anchovy-dominated hauls and 0.25 for all species, while the regression between log(ENASC) and log(NASC) was not significant (p>>0.05) for the daytime hauls in either case (Table 10, Fig. 3 ). The estimated exponent b was close to 1 (0.88 for anchovy and 0.84 for all species), indicating a linear relationship between ENASC and NASC (e.g. the catch is proportional to fish density). Although no significant relationship was found for day time, it should be noted that the available daytime data were rather limited, so more data or targeted experiments are required to obtain safe conclusions.
Sensitivity analysis
Higher mean TL estimates from the catch result in overestimation of the total biomass and similarly lower TL result in underestimation of the total biomass. Results concerning anchovy and sardine estimates in the Aegean Sea are presented in Table 11 . Results concerning the effect of changes in the b 20 coefficient of the TS equation are also presented in Table 11 . A 1-cm difference in TL, the most usual difference observed between day and night, resulted in an 8%-10% difference in biomass, whereas a 2-cm difference, which is the highest significant difference estimated, resulted in a 14%-15% difference in the biomass. This range of error in the biomass was comparable to an approximate difference of 0.5 dB in the TS estimated function.
DISCUSSION
Allocation of the acoustic records to species is the most essential process for the successful application of acoustic surveys and is closely associated with haul operation. For this purpose, obtaining representative samples of the pelagic assemblage using appropriate trawl hauls is one of the main targets in any acoustic survey, associated with one of the most usual sources of error in biomass assessments by means of acoustics. Time of sampling is among the main factors that could cause bias in the haul catch. The bias could be even more pronounced in small pelagics, mainly because they are known to show diel vertical migration, form dense schools during daytime, and disperse at loose aggregations close to the surface during night-time (Woodhead 1966 , Massè 1996 , Giannoulaki et al. 1999 , Zwolinski et al. 2007 , Tsagarakis et al. 2012 . Time of fishing might also be related to trawl selectivity, increasing the possibility for the smaller individuals to escape from the net during the daytime because of the optical contact with the trawl and the large mesh size of the net at the front of the gear, while the absence of this contact during the night-time supports "blind", random selection sampling. In addition, the dispersing, loose aggregations of fish at night can facilitate obtaining more random and more representative sampling.
In order to determine whether there is a difference in the catch during daytime and night-time sampling in the MEDIASs, comparisons were made using paired groups of daytime and night-time hauls from different parts of the Mediterranean Sea. Hauls were selected or specifically conducted using a common protocol. The differences in species composition were examined using certain diversity indices, while differences in the size of the specimens were examined by comparing the length-frequency distribution. The latter comparisons focused on the two main target species in the MEDIASs: anchovy and sardine. In general, no significant differences were estimated in the diversity indices, with the exception of one case, in which more species were caught at night, indicating that qualitatively the two sampling periods are similar. In addition, some significant differences were found only for those indices that are more susceptible to the number of individuals caught, whereas no significant differences were observed in those indices that were standardized by the number of specimens caught, such as H' and Simpson 1-λ. The absence of any difference in the diversity indices between day and night implies that day and night sampling could result in equally representative samples of species composition of the pelagic community.
The length-frequency distribution analysis of certain pair groups indicated differences between day and night but no trends in these differences were observed. The paired-sample comparison analysis verified that the estimated differences between day and night were rather random and not consistent, indicating overall a non-systematic difference regarding the length estimations.
Moreover, a change in the mean length by 1 or 2 cm results in a smaller or similar percentage of underor overestimation (e.g. less than 10%) of the biomass compared with a change of 0.5 dB in the b 20 coefficient of the TS equation, which is another important source of error that results in an error of about 13%. The last level of error is expected because of the stochastic nature of TS and the use general and non-species-specific equations.
The analysis of the trawl efficiency from the available data indicated that trawling during night was proportional to fish density (i.e. b close to 1) while this was not the case for trawling during the day (i.e. the relationship was not significant). This implies the occurrence of a more representative (less selective) and less biased sampling at night than during the day, at least for the examined target species: anchovy and sardine. This is an issue that needs further investigation and targeted experiments, because the data used-especially those involved day time sampling of sardine-were limited. On the other hand, simultaneous fishing and acoustic recording during the daytime has the advantage that targeted trawling can be conducted and the insonified fish schools can be directly associated with the catches. Therefore, daytime sampling is essential and practically obligatory in order to identify specific acoustic targets and fish schools (Simmonds and MacLennan 2005) .
Significant issues directly related to research surveys at sea are the duration and cost of the survey, which increases substantially with survey duration.
The results of the present study suggest that flexible sampling strategies could be adopted depending on the needs of each acoustic survey. Specifically, according to the results of the present study, daytime trawling can be combined with night-time trawling, thus reducing the survey time. Moreover, since nighttime sampling seems to provide a more representative length-frequency distribution, merging results from night-time and daytime sampling can mitigate possible errors. Furthermore, if we consider the benefits that can be obtained from such a flexible sampling strategy, the subsequent error seems small compared with other common sources of error in acoustic estimates.
